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(54) SILICON NITRIDE SINTETRED PRODUCT AND 
ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon nitride 
sintered product excellent in grindability, as 
sustaining low thermal expansion, light weight and high 
toughness. 

SOLUTION: A mixture of a powder of silicon nitride 
of ^80% of the a-form content with an average particle 
size of 2-6Vm with a powder of sintering additives is 
formed to a formed product having a composition of 
75-95wt.% of silicon nitride, 1-7wt% of rare earth 



elements oxides, 1-10wt.% of alumina and 1-8wt% of 
silica. The formed product is fired in a nonoxidative 
atmosphere at 1,600-1,750 to provide a silicon nitride 
sintered product containing the silicon 
nitride P-crystalline phase and the granular phase 
including rare-earth elements, silicon, aluminum, oxygen 
and nitrogen. This sintered product can be improved in 
its grindability by adjusting its properties as follows: 
density to 2.90-3.15g/cm 3 , Young's modulus to 
240-270Gpa, maximum void diameter to ^lOO^m, 

toughness (Klc) to 3-6Mpa.m 1/2 and 4-point flexural 
strength to 300-500Mpa. 

COPYRIGHT: (C)1997,JPO 



(i9)H#H!ftffrf op) <i2) & ^) 45 1^ ^ Wl <a) (nmmmm'Ammn 

#Bf!¥9- 165264 

(43)&WB ipfiE9^(1997)6^24B 



(5i)inta 9 mm^ rrtommmn 


F I 






C0 4B 35/584 


C 0 4 B 35/58 1 0 2 D 




H0 1L 21/02 


H0 1L 21/02 Z 








ft2RJB©»2 


OL (£ 8 H) 


(21){tiH## ftH¥7- 327278 


(7i) a® a 


000006633 












(22)tfHBB ¥/S7<f(1995) 12JI15B 










©22 






(72)iew# 










flWMMttHfnliTKril 














(72)I8W# 


fpm set 






















(72)&9Sf 






























(54) &ft3ijBK&iiete43J:tf^0>8e&#^ 








(57) 

















3£S?1 — 8fifi%Offl^^ib^^^®ft:^ 1 6 0 0-1 

Mot, W2. 90 — 3. 15g/cm\ t 
l/sfm& 24 0-2 7 0GPa, ft*ztf>f KS^S 10 0 
ItmSkT, «H* (KIc) ^3 — 6 MP a • m 1/2 , m& 
\Cft\1r&4j&M?9$igt&3 0 0-5 O0MP a Jdffiijffll"t" 



(2) 

1 

9, flSfttfS2. 9 0 — 3. 15g/cm\ t^W 
24 0-2 70GPa, ft^C^V KS2 S 10 0// m£A 
T\ «M4 (KIc) jJS3-6MPa • m 1/2 , ^ffl^*3tt 
5 4j&ftW5ftSj&S3 0 0-5 00MP atW: 

[W#Jg2] a$^8 0%J^T, 5p*£l*Mia s 2 — 6 m m 

mmi^8mm°/o(Dmf$frbte&f&Bfc%:i 600-1 

[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] r^KffcS*K«iaSft:S:f^il-rS^tt, «6 

t&mmt lty 2 o 3 m<D%t±M7tmmkV9^. a 1 2 

5 - ^«F^BB 5 2-3 64 9^ 4#<&Bg 5 8-5 
1 9 0^;iT^T^^£nT^6 o 
[0 0 0 4] *<Z>#i£fc:jC 

±SS*BMfc*«rikS£ IT, riii:Al 2 0 3 ^Mg 

o«*i^ini-sfcffi?fi.^?Kffi^*stu-5f=:*^. is 

0 0°C^T^Jt^{g^^JET^^LT^{hi-5r 

[0 0 0 5] *e>*^ WM^i^^iSftitr, 
^ a^s^fm, i 9 o ox;&±<DmmMj±nmu 

[0 0 0 6] 



«Hff!^9- 1 6 5 2 6 4 

2 

[0 0 0 7] ***«J63SBffl»fi«*fc*5^rtt 

ids. ^k^Hj^^i-^^r^, 
[0 0 0 8] tSoT, ##W0>BttM:. {£ffiu&«4*, e 

m w- © mmmwmi&fc z> \z. & s 0 

[0 0 0 9] 

SrW»-f 5 £ £ *sfiK-CS>5 <b ^ 5 jLttfc:«<5*tfcM«: 

^^/^Wt^oT, 1^2. 9 0 — 3. 15 
g/cm 3 , t^W2 4 0~2 7 0GPa % ft^C^K 
K^^l 0 0 jt/m^T, (KIc) £S 3 — 6 MP a 

• m U2 , s?a.(^*5tts 4 jfii&if as*** 300-500 
[0010] *»w«-J:nri, a»a>5*s*g*4:« 

*^rJ*^LT#^ix^^ft^7 5-9 5 «r± 

M5tmm\M 1-7 mitr/u >^^i-io 

1 6 0 0-1 7 5 OTCO^^Sr^tf^KfbttlWffl^^-C 
[0 0 1 1 ] 

am] mitmmKm&(*<Dmfm&&mw+&*ztt: 

[0012] ttoT, *38We«, ir^^^co 

y^$2 4 0-2 7 0GPa s ^2. 9 0 — 3. 15 
g/c m 3 , ft^c^ KSlOO/i m£AT\ (KI 
c) 3-6MPa -m I/2 , ^S^*3lt 5 4 ^ftt"f Sftffi 



3 

3 o o~5 o omp a tdSij^J-r^r it^J: BFH'JJPX 
[0 0 13] riX*TttSgtt^lRj±i^Bia*^ 

ft i" 6 £ t ^ £ CO $> 5 o 
[0014] 

2. 9 0 — 3. 1 5 g/c m 3 , ISM 3 . 0 — 3. lg 
/cm 3 , t^W24 0-2 70GPa, #[:25 
0 — 270GPa, Mk*ztf<4 KS£S 10 0// m£JlT, «F 
C70/im^ (KIc) ^3 — 6MPa • 

m 1/2 , 43^3—4. 5MPa • m 1/2 , ^i&MtSttS 
4^WM^3 0 0-5 0 0MPa, 
00MP a-CfcSr £3&Sfi3!T?fc5o 
[0 0 15] £*U3\ (KIc) ;&S 6 MP a • m 1/2 

<fc9;fc£<* fc$VMitaW5 0 0MPaJ:9^ 

V\ fe5V^i«*^3. 15g/cm'J:?)^V\ & 
SW^iT^^S 2 7 0GP a £ 9*#^£Wfi«l$<Z>lS 

tt!as*:t<*WffJtt*s«<*«9, Jnx=i^ 

fc^tfc^o *fc«W4 (KIc) j&S3MPa • m i/2 <£ 9 
/h£<, &Si^iSa34*3&S3 0 omp a J; 9fii\ * 
S^2. 9 0 g/c m 3 J; 9/h£a>ofctK fc6V>^ 
*S*<^ft*:^ KSdSi 0 0 /imJ:l9^:#VN. 

[0 0 16] ^^KtcffiV^ feti/^)#-ih^7t;^i: L 

Tfc\ Y, Er, Yb, Lu, Sm^mifhtl^o £ 

[0017] _kfE<z>£ 5 ^>-^^<£># 

3 — 5 ft m<D{&am<D&&(D^\s^jfc&i&mir 

h 0 ^Lt, ^©^KStLT, #±JH5c*IMb«, R 



(3) ' *f#fl^9- 1 6 5 2 6 4 

4 

-9 511%, fiFi:8 0-9 0lI%, «r±S5c*K{b 
Wn-7li%, ^3-611%, SMLTA"^^ 
.Aj&Sl — 1011%, #(313—8*4%, BKfc&StfSi 

-8li%, #tci2- 5li%i:45 <t 5 dlB^tb 
*±jH5c*SMt:*^*"Jt*S:iS< U SMt 

[0 0 18] OS^ a spa* 8 0%«t!!)^tl/^ 
feS^S 2 /z m <fc <9 /h £ V ^\ S<b3l *-&*T*aS 7 5 li 

%<t!9^*v^, ll^^f^baSji^S, ttttfiasss 

a\ mitT/u^^^M.m^ 1 fifi%<t t)^*v^ awt 

20 S*Sas lfift%J; 9^ftv^^t?fc, ±IE(7>ra«{^jffiL 
[0 0 19] 2fbBI*J|5&*<^5FiS3esas 6 /imj: 

^^^A»asi ofift%J:9#v^ BMW£*fl:tfS s M 

[0 0 2 0] **5, rt?g*Srf^H-r-5^tt, XtatoSc£ 
30 SSS-f- 5 J: 5 ^Bd£-£ tt^S-&»*Sr^— ^ ^ ^ 

^ife^J: >9«t5r tasr-#5o 

[0 0 2 1 ] aft3S*»*^)-«BSS:. 3a*»*fc 

B^^^T, 1100-1 4 0 0t^)IttI^5^ 

^fife«aPSriiJ»S^taS"t?#S 0 
[0 0 2 2] W:, ±ia^a^6>*5j*«?flcSr 1 6 0 
40 0 — 1 7 5 0^, 1700 — 175 O^co^^^r^ 

6 0 0°CJ: t9ffio^, «U$ds^+5)-caW^*ftas^fc 

n-r, 1 7 5o < t:J:^9^>^v^^, mmnftvtte&mfrft 

[0 0 2 3] **3 % ji^fei:LT^ 0iJx.tf, ^^h 

rttbOjSSfifcafc 1 0 0 0«JEE«±^iBJBET"C*mi»7K 

[0 0 2 4] *38M{-J:WS. ±E<^>fiK^JEJL^ 

50 ^, *«K^fev^TBWit-S#ttS:SSJ£i-SPR!9{c:*3 



5 

^T, )l«S4a, 5 a, 6 a SotSS&JR^ *H 

b<Dmitm, afb«. 3*<b«x s i c*ifsr^ 

[0 0 2 5] 
[HJStf'J] 

[0 0 2 6] #^tV^^^T/V^r^y :r ^?£i- e fc'9« 



(4) 1 6 5 2 6 4 

6 

fc, tt^ff^ J IS-R1601 KTtB^tbT^STg 

«St«i»^«Lt ^©Kttfco^rj i s 
— R l 6 0 l < ^MT-o9 4 ^ft *f tt0r3ft«f*R* 

Jg*£Lfc 0 J IS-R1 6 0 7[:S^<1SW 

(KIc) S:#«>fco Jb^J IS-R160 

10 #14 0 co^-f -Yffi^r-eBFffJ U WN''Jffifei^mffi 

[0 0 2 7} 
[1^1] 



(5) %fm¥>9 - 1 6 5 2 6 4 

7 8 



3314 




*att mm.%) 








No. 


















IE?) 


Si]N 4 


RB 2 0i 


AI0O1 


SiOt 


■ 




1 


87 


Y,0, 


5 




3 




J 


1 1 Z)\J 


R 

%j 


2 


87 


Yb a O. 


5 


1/ 


3 


fin 


tl 


1 1 ou 


c 
«j 


3 


87 


ErsOi 


5 




3 


Uu 


Q 

0 




c: 
u 


4 


87 






5 


3 




3 
*j 




R 

*j 


5 


87 


1 u«0* 


K 


5 


3 


60 


3 


1750 


5 


6 


87 


OJU2 v] 




5 


3 


60 


3 


1750 


5 


7 


89 


1 2U3 


0 


5 


3 


60 


3 


1750 


5 


8 


85 




7 


5 


3 


60 


3 


1750 


5 


9 


84 




c 

0 


8 


3 


60 


3 


1750 


5 


10 


90 




c 

D 


2 


3 


60 


3 


1750 


5 


11 


89 


I 2U3 


*J 


5 


1 


60 


3 


1750 


5 


12 


83 


Ynfio 


C 


5 


7 


60 


3 


1750 


5 


13 


88 




2 


5 


5 


60 


3 


1700 


8 


14 


88 


Br s 0j 


2 


5 


5 


60 


3 


1680 


10 


15 


87 


Y*0a 


5 


5 


3 


75 


3 


1750 


5 


16 


87 


Y a 0 a 


5 


5 


3 


30 


3 


1750 


5 


17 


90 


YzOa 


4 


3 


3 


50 


2 


1750 


5 


18 


84 


Y,0a 


6 


7 


3 


60 


6 


1750 


5 


19 


78 


YaOa 


5 


10 


7 


70 


5 


1700 


5 


*20 


91.5 


YaOa 


0.5 


5 


3 


60 


3 


1750 


5 


*21 


83 


Y«0, 9 


5 


3 


60 


3 


1750 


5 


*22 


91.5 


YaOa 


5 


0.5 


3 


60 


3 


1750 


5 


*23 


80 


YtOa 


5 


12 


3 


60 


3 


1750 


5 


*24 


89.5 


Y,0 3 


5 


5 


0.5 


60 


3 


1750 


5 


*25 


80 


Y,0 3 


5 


5 


10 


60 


3 


1750 


5 


*2e 


87 


Y,O s 


5 


5 


3 


60 


3 


1800 


5 


*27 


87 


Y 2 0 3 


5 


5 


3 


60 


3 


1580 


10 


*28 


87 


YiO s 


5 


5 


3 


90 


3 


1750 


5 


*29 


87 


YtOa 


5 


5 


3 


95 


3 


1750 


5 


*30 


87 


Y»Os 


5 


5 


3 


70 


7 


1750 


5 


*31 


87 


YaOa 


5 


5 


3 


70 


1 


1750 


5 


*32 


96 


Y e O a 


1 


1 


2 


60 


3 


1750 


5 


*33 


74 


Y s Oa 


8 


10 


8 


60 


3 


1750 


5 



[0 0 2 8] l$c2] 



(6) 



?#i¥9- 1 6 5 2 6 4 



10 



NO. 


tg/cm ; 






vMPa • m " ) 


GPa 


mm&m 

(A) 


i 

1 


Q AO 


50 


4CA 

450 


A O 
4. 2 


OCA 
2B0 


2 


o 
C 


q ao 
o, Ud 


CA 


/ICA 

45U 


A C 

4. 0 


OCA 


n 
2 


0 
0 


Q HO 


7A 


AA(\ 
44U 


A C 

4. 5 


OCA 

250 


o 
2 


4 


d. UO 


AA 
OU 


dQA 


^ c 
4. O 


OCA 


2 


D 


o. Uu 


7fl 
/v 


AM\ 


vl 1 
4. 1 


9CA 


i 
1 


0 


o. ur 


/(A 
4U 


45U 


A 0 
4. 3 


OCA 


o 

2 


7 
f 


d. \Jc 


7A 

/u 




A 1 
4. 1 


OCA 


1 


o 
o 


9 1 o 
a. 12 


/A 

4U 


J7A 

4/0 


c o 
0. 3 


07A 

2/0 


3 


A 

y 


O AO 

o. Oo 


CA 

50 


A OA 

430 


4. 2 


OTA 

270 


2 


1 a 
10 


3. 08 


Af\ 

40 


A OA 

480 


c o 

5. 2 


260 


3 


11 


O AO 

3. 02 


CA 

50 


JCA 

460 


c o 

5.3 


260 


3 


1 o 

12 


o An 

3. 09 


OA 

80 


OOA 

320 


O T 

3, 7 


250 


1 


1 O 
1 J 


o no 
2. 98 


CA 

b0 


OOA 

380 


o o 
3. 8 


260 


1 


1 A 

14 


o no 

2. 93 


OA 
80 


OOA 

320 


O O 

3. 8 


OCA 

250 


1 


1 c 
15 


O AO 

o. Od 


CA 

b0 


A AA 

490 


c c 
5. b 


OCA 

260 


3 


1 c 

lb 


O AC 

3. Ub 


•7A 
l\J 


A 1 A 

410 


3. 7 


OCA 

260 


n 

2 


IT 


3-12 


Af\ 


4 TA 

470 


5. 3 


OTA 

270 


3 


1 Q 


9 QC 


on 
oU 


OOA 

330 


o c 
d. 5 


OCA 

250 


1 


1 Q 

iy 


Q AD 

d« Oo 


OA 

oO 


OOA 

33U 


o c 
o. 5 


OCA 

250 


1 


^20 


2< 85 


OA 
80 


04 A 

240 


o 0 
d. 3 


OOA 

230 


1 


*21 


o on 
a. 20 


30 


CO A 

520 


c o 

D. 0 


OAA 

290 


8 


*22 


O AC 

c. 95 


*7A 

70 


OCA 

350 


c o 
b. 2 


OCA 

250 


c 
b 


*23 


O AA 

3. 09 


1 1 A 

110 


OTA 

270 


o o 

2. 8 


270 


1 


♦ 24 


3« 15 


OA 

30 


COA 

530 


c o 
6. 2 


OTA 

270 


o 
0 


*25 


O AA 

3. 09 


1 1 A 

110 


OOA 

280 


2. 7 


OTA 

270 


1 


*26 


o 01 

3. 21 


AA 

20 


CCA 

560 


c o 

o. 3 


OAA 

290 


9 


*27 


O Of 

2. 81 


1 1A 

110 


OTA 
270 


o o 
d. 2 


OOA 

230 


1 


*28 


Q AO 
3. 08 


CA 

50 


CCA 

550 


b. 3 


OCA 

2b0 


7 


^^y 




OX) 


ASA 


ft * 


9 An 


Q 

O . 


*30 


2. 75 


120 


250 


3.0 


230 


1 


*31 


3. 20 


30 


560 


6.3 


290 


9 


*32 


2. 70 


110 


260 


ai 


230 


1 


*33 


3. 25 


30 


530 


6.3 


290 


9 



[0029] mi^xxfm2(o^^:{cx^t, 5&Ka*5 

1/2 ^rSx^f^SN-No. 2 1 . 22, 24, 26, 28, 

2 9, 3 1, 3 3TU W^Jfefei^^<^iJ^^{£^t 
COt?S>ofc e KffNo. 2 0, 2 3, 2 5, 2 7, 

3 0, 3 2f3, «ft&Sv^tt^r^^^^S:V^^^ 



50 



ft ^tttr^C 5 fc (^T'fco fe 0 

[0 0 3 0] rtbb^it^Ji-^fLT, -?:(^<BlCD*:*M 
^«^5<KWtt, V^mtttA, ^^*^i«< b^t 

[0031] nt&m 2 



11 

ffi«9 9%^Si|&^ £>J:0?a^6 0%, 5pj£3ftg 3 

aftr/us mikstrnm^m^x, mm 
mm (o^mmmft k*3 » 5 as*»*<o »t k «t o r * 



(7) 4*88^9 - 1 6 5 2 6 4 

12 

[0032] *tr, #e>ixfctt*s*{^LT, sufefci 

fee 

[0 0 3 3] 
[1^3] 













SbN< 


Si 


RBsOs 


AUOs 


SiOa 








34 


87 


70 


Y 2 0, 


5 


5 


3 


1750 


5 


35 


87 


70 


Yb 2 0, 


5 


5 


3 


1750 


5 


36 


87 


70 


Yb 2 0, 


5 


5 


3 


1750 


5 


37 


87 


70 






5 


3 


1750 


5 


00 


Of 


fU 


LU2U3 


C 

D 


0 


3 




b 


oy 


G7 
Of 


fU 


Cm^ ft _ 

oils Us 


0 


r 
0 


0 
0 


1 f ou 


5 




ft7 
Of 


7fl 
fU 


I jUs 


c 


D 




17R0 


5 


it 


of 


fill 




D 


jr 
D 


q 
0 


1 / w 


5 




ft7 
Of 


on 




0 


D 


q 

u 


17^0 
i i ov 


5 


*t o 


Of 


inn 


1 2VI9 




c 
J 


q 

0 


17^0 

I J *JVJ 


5 


At 


oo 




Y z 0 8 


3 


O 


O 
u 


17^0 

1 iD\J 


5 


45 


78 


60 


Y a 0s 


7 


10 


5 


1700 

1 1 Vv 


5 


46 


87 


70 


Yb 2 0, 


2 


4 


7 


1750 


5 


*47 


93.5 


70 


Y s 0, 


0.5 


5 


1 


1750 


5 


*48 


79 


70 


Y 2 0 8 


9 


5 


7 


1700 


5 


♦ 49 


91.5 


70 


YaO, 


5 


0.5 


3 


1750 


8 


*50 


78 


70 


Y 2 0s 


5 


12 


5 


1680 


10 


*51 


89.5 


70 


Y 2 0 3 


5 


5 


0.5 


1580 


5 


*52 


78 


70 


Y,0s 


5 


5 


12 


1750 


E 




*53 


87 


70 


YaO, 


5 


5 


3 


1600 


10 


*54 


87 


70 


Y 2 0, 


5 


5 


3 


1800 


5 




*55 


96 


70 


YaOa 


1 


1 


2 


1750 


5 




*56 


74 


70 


Y 2 0s 


8 


10 


8 


1750 


5 





[0 0 3 4] 



[*4] 



(8) 



13 



- 1 6 5 2 6 4 



14 



No. 


Cg/cm") 




(MPa) 


OMPa • m r/8 ) 


GPa 


{AT 


34 


3.07 


40 


460 


4.3 


260 


2 


35 


3.02 


50 


440 


4.4 


250 


2 


36 


3. 00 


60 


440 


4.3 


250 


2 


37 


3. 01 


60 


420 


4.4 


250 


2 


no 

38 


O AO 

3, 02 


rr A 

70 


410 


j a 

4.2 


250 


1 


OA 

39 


3. 05 


50 


460 


4,3 


260 


2 


40 


a aa 

3. 06 


60 


450 


3.9 


260 


2 


A 1 

41 


O AT 

3, 07 


40 


470 


4,5 


270 


2 


42 


3. 03 


50 


440 


4.2 


260 


2 


43 


3. 01 


70 


410 


3.5 


250 


1 


44 


3. 05 


50 


430 


4.3 


260 


2 


45 


3. 13 


80 


320 


3.5 


250 


1 


46 


2. 93 


80 


310 


3.3 


240 


1 


*47 


2, 85 


110 


280 


3.6 


230 


1 


*48 


3. 18 


30 


520 


6.5 


290 


9 


*49 


3. 00 


80 


510 


6.2 


260 


8 


*1* Cfl 

*50 


3, 09 


1 1 A 

110 


AAA 

290 


2. 8 


AAA 

290 


1 


*51 


3. 13 


50 


pin 

510 


6.3 


270 


8 


•X. CO 

Wot 


O AO 


1 OA 

1^0 




o n 


OOA 

280 


i 


*53 


2. 75 


130 


240 


&3 


220 


i 


*54 


3. 20 


30 


530 


6.3 


290 


8 


*55 


2. 68 


no 


250 


3.1 


230 


1 


*56 


3.24 


30 


520 


6.2 


290 


9 



[0 0 3 5] ^3*3j;^4(Dfe*{Cj:Si, Siftd* 5 
0 0MPaax.5ij\ foSVMA?BH4^6MP a • m 
1/2 Sr^^SS*;!|6fNo. 4 8 , 4 9, 5 1, 54, 5 6f 
M\ flFfi'J«t(tiS*J«<*fi'JttiSJ<SV^©T?*)ofe 0 *7fc, 
B#|SfNo. 4 7, 5 0, 5 2, 5 3, 5 5 fcfc, ^ftfcSI^ 

[0 0 3 6] r^t>wJt»09{^*f ur, ^(oiixD&mw 40 



[0 0 3 7] 

[0 0 3 8] HjJxfcJ:?), ¥Wtt»itffl«IS l fp& 



7oy I — s~s*z>j^£ 



(72) J 



50 



